Objectives: The present study sought to examine associations between the pain-catastrophizing subcomponents and multiple pain-related outcomes in Japanese individuals with chronic pain.
Methods: A cross-sectional study design was employed with 213 chronic pain outpatients. The participants were recruited from 3 units at a university hospital and from a pain clinic at a municipal hospital. Study measures were used to assess pain catastrophizing, anxiety, depression, pain interference, and pain severity. Results: Path analysis with multiple pain-related outcomes while controlling for age and gender revealed that the Helplessness subcomponent was associated with anxiety, depression, pain interference, and pain severity. The Magnification subcomponent was related to anxiety and depression, and the Rumination subcomponent accounted for the variance of pain interference. Discussion: The present results suggested the important role of helplessness across cultural backgrounds. It also provides guidance on the application of cognitive behavioral techniques for chronic pain management in Japan. &
INTRODUCTION
Pain catastrophizing is a potent predictor of pain-related outcomes across a wide variety of chronic pain populations. [1] [2] [3] It is defined as a set of exaggerated negative thoughts about actual or anticipated pain. 4 Pain catastrophizing is associated with greater pain severity, [5] [6] [7] more depression, 8, 9 more pain interference, [5] [6] [7] 10 and an increased risk for opioid misuse. 7, 11 Pain catastrophizing consists of 3 distinctive subcomponents, including repetitive thought processes on pain experience with inability to inhibit them (ie, Rumination), exaggerated threat on pain-related stimuli and its consequences (ie, Magnification), and perceived inability to cope with pain (ie, Helplessness). 4, 12 The Pain
Catastrophizing Scale (PCS) 12 is a commonly used measure to assess pain catastrophizing. Studies have consistently supported the 3-factor structure of the PCS. [13] [14] [15] Researchers have suggested a few theoretical models on the pain-catastrophizing subcomponents. Severeijns and colleagues 16 proposed the Appraisal Model based on Lazarus and Folkman's Transactional Model of Stress and Coping. 17 They categorized the Rumination and Magnification subcomponents as the primary appraisal focusing on the threat evaluation of painful stimuli and the Helplessness subcomponent as a secondary appraisal involving perceived inability to cope with pain. Other researchers have proposed an alternative model in terms of the cognitive content and cognitive process. According to Day and colleagues,
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"cognitive content refers to what patients believe about their pain" and "cognitive processes refer to the processes underlying how patients think about their pain." They considered pain catastrophizing as a cognitive factor with 2 facets, cognitive content and cognitive process, especially for the Rumination subcomponent corresponding to a type of cognitive process. 18 Given that the Rumination subcomponent represents the cognitive process, the Magnification and the Helplessness subcomponents represent the cognitive content. Although these models can provide theoretical implications on the pain-catastrophizing subcomponents, only a few studies have examined the relationships between the pain-catastrophizing subcomponents and pain-related outcomes based on these frameworks.
Previous studies investigating the associations between pain-catastrophizing subcomponents and pain-related outcomes have reported mixed results. Studies conducted in the 1990s and 2000s with < 100 participants showed a variety of substantial associations, such as the Rumination and Helplessness subcomponents with pain interference, 19, 20 the Helplessness subcomponent with the affective dimension of pain experience, 21 and the Magnification subcomponent with pain severity. 22 Recent studies with relatively large sample sizes of mixed chronic pain revealed that the Helplessness subcomponent was associated with depression, mental quality of life (QOL), pain severity, and pain interference, 23, 24 while the Magnification subcomponent was related to anxiety, depression, and mental and physical QOLs. 23, 24 The relevant factors explaining these mixed results might be differences in the statistical model and cultural settings. The studies mentioned above used either a simple correlation analysis or a hierarchical regression analysis, and they applied the model setting to a single outcome with 1 or multiple predictors. Therefore, it is still unclear how pain-catastrophizing subcomponents are associated with pain-related outcomes in a model including multiple outcomes simultaneously, which appears to replicate a real-world clinical setting. In addition, most of these studies, except that of Iwaki and colleagues, 23 were conducted in English-speaking settings. A study conducted outside of English-speaking settings can cross-culturally investigate the role of paincatastrophizing subcomponents. We sought to examine the possible associations between the pain-catastrophizing subcomponents and pain-related outcomes in a model with multiple outcomes by recruiting Japanese individuals with chronic pain. In the present study, we used 4 outcome variables -anxiety, depression, pain interference, and pain severity-since they are recommended for inclusion in clinical trials targeting chronic pain populations. 25 Previous studies with large numbers of mixed chronic pain populations appear to support associations between the cognitive contents (ie, the Helplessness and Magnification subcomponents) and the 4 painrelated outcomes above. 23, 24 The Rumination subcomponent had a relationship with pain interference. 19 Thus, we hypothesized that the Helplessness and Magnification subcomponents would be associated with anxiety, depression, pain severity, and pain interference, and the Rumination subcomponent would explain the variance in pain interference.
METHODS
This cross-sectional study was approved by the Institutional Review Board for Clinical Research at Osaka University Hospital, and written informed consent was obtained for each participant prior to study inclusion.
Participants
The participants consisted of outpatients with chronic pain from 3 units (a pain clinic, a neurosurgery unit, and an orthopedic surgery unit) at a university hospital, and from a pain clinic at a municipal hospital. Eligibility criteria were as follows: (1) history of pain lasting 6 months or more, (2) at least 16 years of age, and (3) ability to read and write Japanese. We chose the second eligibility criteria since at 15 years of age compulsory education in Japan is complete. We regarded people over 16 years of age as having the responsibility to choose to participate.
Measures
Pain Catastrophizing: The Pain Catastrophizing Scale. The PCS is a 13-item self-report questionnaire that measures exaggerated negative thoughts toward the pain experience. 12 Each item is rated on a 5-point Likert-type scale. The PCS is scored to provide a total score with 3 subscales for the assessment of Helplessness, Magnification, and Rumination. In the Japanese version of the PCS, item 1, which is usually scored as part of the Helplessness subscale when administered to English-speaking individuals, is scored as a part of the Rumination subscale. 26 In the study's sample, the Cronbach's a coefficients of the PCS total score and the 3 subscales were 0.91 for the PCS total score, 0.85 for the Helplessness subscale, 0.72 for the Magnification subscale, and 0.82 for the Rumination subscale. These scores demonstrated good to excellent internal consistency.
Pain Severity: The Short-Form McGill Pain Questionnaire (SF-MPQ). The SF-MPQ is a 15-item self-report questionnaire assessing pain severity. 27, 28 Each item is rated on a 4-point Likert-type scale. The Cronbach's a coefficient of the SF-MPQ total score in the current sample was 0.87, indicating excellent internal consistency.
Anxiety and Depression: The Hospital Anxiety and Depression Scale (HADS). The HADS is a 14-item selfreport questionnaire assessing anxiety and depression in patients with physical illnesses. [29] [30] [31] Each item is rated on a 4-point Likert-type scale. The Cronbach's a coefficients of the 2 subscales in the current sample were 0.79 and 0.79 for the Anxiety and Depression subscales, respectively, indicating excellent internal consistency.
Pain Interference: The Pain Disability Assessment Scale (PDAS). The PDAS is a 20-item self-report questionnaire assessing the effects of pain on various daily activities, such as carrying an object, walking, and engaging in a hobby. 32 Each item is rated on a 4-point Likert-type scale. The PDAS total score in the current sample indicated excellent reliability, with a Cronbach's a coefficient of 0.95.
Procedures
Participants completed all measures while waiting for their consultations. We collected data from May 2012 to September 2012.
Statistical Analyses
As preliminary analyses, means, standard deviations (SDs), Cronbach's a coefficients, and Pearson's correlation coefficients in study measures were calculated. For identifying influences of demographic variables, we performed Pearson's correlation analyses between age and the study variables and unpaired t-tests on gender and work status differences. Participants who identified their work status as full-time, part-time, and student were categorized as "working." We calculated the variance inflation factor (VIF) for each outcome to check multicollinearity among the PCS subscales. If all VIFs were < 10, 33 we assumed reasonable independence between the pain-catastrophizing subcomponents. Then, we investigated the associations between the pain-catastrophizing subcomponents and multiple painrelated outcomes via the path analysis. Controlling for influences of demographic variables on outcomes, we introduced age, gender, and work status into the path models. We opted to use dummy codes to represent gender (1 = female, 0 = male) and work status (1 = working, 0 = nonworking). Model fit to the data was evaluated with the following fit indices: the chisquare goodness of fit index (v 2 ; a nonsignificant result at a 0.05 threshold indicates a good model fit 33 ), the root mean square error of approximation (RMSEA; value below 0.08 indicates an acceptable fit. 33 Hu and Bentler suggested 0.06 as a cut-off value for a good model fit 34 ), the comparative fit index (CFI; value above 0.95 is interpreted as an acceptable fit 34 ), and the Akaike information criterion (AIC; with a smaller value indicating a more parsimonious model fit 33 ). We used a criterion of P < 0.05 to evaluate statistical significance. In the process of model examination, we retained paths that approached statistical significance (P < 0.10). The maximum likelihood estimation was employed to estimate all models by both correlation and path analyses. To account for missing values, a full information maximum likelihood method was applied. We also employed a pairwise method to perform the unpaired t-tests and to provide means, SDs, and Cronbach's a coefficients. The statistical package R version 3.2.4. 
RESULTS

Descriptive Statistics
We recruited a total of 234 participants. Twenty-one participants were excluded from further analyses (11 reported a pain history of < 6 months, and 10 provided incomplete data on their pain duration). Therefore, 213 participants were included in the study (mean AE SD age of 64.37 AE 14.87 [range 17 to 94] years, with 67.1% of the participants at least 60 years of age, 54% of the participants female, 64.3% of participants nonworking, and 33.8% of the participants with more than 2 pain diagnoses). The sample comprised 47, 27, and 55 participants from the pain clinic, neurosurgery unit, and orthopedic surgery unit at the university hospital, respectively, and 84 participants from the pain clinic at the municipal hospital. Additional demographics are given in Table 1 . Means, SDs, Cronbach's a coefficients, and Pearson's correlation coefficients are reported in Table 2 . Moderate positive correlations with P values below 0.001 were observed. Age was associated with pain interference (r = 0.17, P = 0.013) and approached significance with anxiety (r = À0.12, P = 0.067). No other study variables were related to age. Due to the number of participants over 60 years of age, we examined an association between age and work status with a dummy code. There was a substantial negative association (r = À0.58, P < 0.001). It indicated that a higher age was associated with a nonworking status. On gender differences, females had more pain interference (female: mean = 21.60, SD = 14.61; male: mean = 17.39, SD = 13.36; t (208) = 2.17, P = 0.032). Nonworking participants had greater depression (working: mean = 5.13, SD = 4.12; nonworking: mean = 6.62, SD = 4.07, t (197) = À2.40, P = 0.017) and pain interference (working: mean = 15.66, SD = 12.64; nonworking: mean = 21.84, SD = 14.54, t (196) = À2.92, P = 0.004). No other gender and work status differences were observed.
Associations Between Pain-Catastrophizing Subcomponents and Multiple Outcomes
We assumed no influence of multicollinearity on the current results of path analyses because no VIF values To simplify the model, we further conducted a path analysis removing the explicitly nonsignificant associations (P > 0.10) and work status (Figure 2 ). The fit indices showed a good fit: v 
DISCUSSION
The current study sought to test the associations between pain-catastrophizing subcomponents and multiple pain-related outcomes. In accordance with the hypotheses, the Helplessness subcomponent had positive associations with all 4 outcomes. The Magnification subcomponent was positively related to anxiety and depression, and the Rumination subcomponent was associated with pain interference. The Helplessness subcomponent was associated with a broad range of pain-related outcomes. It showed that Helplessness was key when considering the role of pain catastrophizing in Japanese individuals with chronic pain. We can find similar associations between the Helplessness subcomponent and a wide variety of Figure 2 . Final model: associations between the pain catastrophizing subcomponents and multiple outcomes controlling for the influence of age and gender. Solid paths indicate statistically significant associations. Dotted paths indicate statistically insignificant associations. The Helplessness subcomponent was associated with anxiety, depression, pain interference, and pain severity. The Magnification subcomponent was related to anxiety and depression, while the Rumination subcomponent accounted for the variance of pain interference. e, error. ***P < 0.001, **P < 0.01, *P < 0.05. outcomes in studies conducted in Japan 23 and the United
States. 24 When integrating the 2 theoretical models, 16, 18 our results suggest that the secondary appraisal among cognitive contents may play an important role in chronic pain populations across cultural backgrounds. In the present model, the Helplessness subcomponent uniquely accounted for the variance of pain severity. It is reasonable to assume that inability to cope with pain exaggerates pain severity. This result corresponded with previous studies. 21, 23, 24 Research supported a positive relationship between global pain catastrophizing and pain severity. [5] [6] [7] The impact of global pain catastrophizing on pain severity may be explained by the impact of helplessness. Pain catastrophizing is expected to be first affected by pain severity and secondarily to enhance pain severity. To examine these recursive associations, further study exploring the impact of change in helplessness for pain severity is warranted. A prospective longitudinal study, which examines whether a change between an initial and a second observation in helplessness mediates the relationship of pain severity, is needed. Self-efficacy in the context of pain (ie, perceived capability to perform certain activities despite pain 37 ) can be regarded as a positive and contradictory consequence of helplessness. Self-efficacy and helplessness can be seen as the secondary appraisal in Lazarus & Folkman's Transactional Model. 17 Self-efficacy has been suggested as an important protective factor for adjustment despite pain. 38-40 A meta-analysis showed that self-efficacy had moderate to large negative associations with pain-related outcomes, such as functional impairment, affective distress, and pain severity. 41 If self-efficacy is introduced to the current model as one of the predictors, it may be negatively associated with 4 pain-related outcomes. Further studies are warranted to examine the interactive impact of self-efficacy with paincatastrophizing subcomponents on pain-related outcomes. The Magnification subcomponent, as well as the Helplessness subcomponent, had positive relationships with anxiety and depression of a chronic pain population in Japan. This result was slightly different from the findings of a previous study that recruited participants from a Department of Psychosomatic Medicine. 23 The authors reported positive associations between magnification and anxiety, and between helplessness and depression. Given that participants were recruited from diverse units and a model with multiple outcomes was employed, our results may have more bearing in a realworld setting of pain management. Based on the theoretical models, 16,18 both primary and secondary appraisals among cognitive contents have relationships with the emotional burden of Japanese chronic pain populations. The present study indicates that a ruminative cognitive process is associated with elevated pain interference. A previous study reported a similar rumination-pain interference relationship. 19 They suggested that people who tend to focus on pain sensation (ie, people who have greater rumination in their pain experience) perceive interference with efficacy for their coping strategies with pain. Due to perceived interference with their pain-coping skills, they may feel a greater painrelated interference in their daily activities. The present results support this same tendency of the cognitive process in Japanese individuals with chronic pain.
Our study provides guidance on the application of Cognitive Behavioral Therapy (CBT) techniques in Japanese pain management settings. Although CBT is an evidence-based intervention for chronic pain, 42, 43 access to CBT in Japan is still limited. 44 While pain catastrophizing has been regarded as an important target of CBT, 5,45 knowledge on the role played by the pain-catastrophizing subcomponents has also been limited when considering use of CBT in Japan. Associations between helplessness and a wide variety of pain-related outcomes suggest that a treatment focusing on activity enhancement such as an operant conditioning method 46 and activity pacing 47 is possibly a primary CBT technique to use in Japanese chronic pain populations. This approach can improve pain-related outcomes through the gradual accomplishment of daily activities and softening the perceived inability to cope with pain. Relationships between the other subcomponents and pain-related outcomes can suggest supplementary interventions. If we further treat anxiety and depression, a cognitive restructuring may be a suitable option. The cognitive restructuring can focus on changing the dysfunctional cognitive content among individuals with chronic pain. 18,45,48 If we additionally plan to address pain interference, adding a mindfulness-based intervention may be appropriate. Research has shown that the mindfulness-based intervention is able to deal with a maladaptive cognitive process.
18, 49 Of course, this is only an idea from the current model. We need interventional studies to examine the validity of this CBT application for Japanese chronic pain populations.
Older, nonworking, and female participants reported greater pain interference, while nonworking participants reported greater depression. Studies have shown that these variables affect symptom severity in individuals with chronic pain. [50] [51] [52] However, age was negatively associated with anxiety. It has been suggested that older adults attribute their pain to a normal course of aging and that this attribution alleviates psychological distress. 52 Since most of our participants were at least 60 years of age, they might interpret their pain as normal and thus feel less anxiety. We found work status differences on pain interference and depression in unpaired t-tests, but the associations with work status were not significant in the first model. A substantial negative correlation between age and work status suggests that they influence other variables jointly. At the data collection phase, participants who were not working because of pain were not distinguished from those who were not working due to retirement. Thus, a certain degree of work status influence on other variables may be explained by age on the current result.
There are several limitations to the current study. First, we used a cross-sectional study design. Therefore, we cannot deduce the causality between the paincatastrophizing subcomponents and pain-related outcomes. Longitudinal and interventional studies are required to confirm the causal relationship. Second, intercorrelations between the pain-catastrophizing subcomponents were substantial. Although we confirmed reasonable independence, their intercorrelations might have a certain influence on the current results. Third, the factor structure of the Japanese version of the PCS is different from the original English version, which may potentially influence the results. Fourth, we recruited mixed chronic pain patients. Different results might be obtained if we recruited participants with a specific pain condition, such as fibromyalgia, rheumatoid arthritis, or a specific neuropathic pain. Despite this limitation, a study with mixed chronic pain can provide evidence with generalizability across pain diagnoses.
In conclusion, we found relationships between the pain-catastrophizing subcomponents and pain-related outcomes among Japanese chronic pain patients. This study suggested the important role of helplessness across cultural backgrounds. It provides guidance on the application of cognitive behavioral techniques for pain management in Japan.
